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The MDCK variety pack: choosing the right strain
Joseph D Dukes, Paul Whitley* and Andrew D Chalmers*
Abstract
The MDCK cell line provides a tractable model for studying protein trafficking, polarity and junctions (tight,
adherens, desmosome and gap) in epithelial cells. However, there are many different strains of MDCK cells
available, including the parental line, MDCK I, MDCK II, MDCK.1, MDCK.2, superdome and supertube, making it
difficult for new researchers to decide which strain to use. Furthermore, there is often inadequate reporting of
strain types and where cells were obtained from in the literature. This review aims to provide new researchers with
a guide to the different MDCK strains and a directory of where they can be obtained. We also hope to encourage
experienced researchers to report the stain and origin of their MDCK cells.
Madin-Darby Canine Kidney (MDCK) cells [1] are
widely used as models for studying epithelia as they
have clear apico-basolateral polarity, well defined cell
junctions, a rapid growth rate, are suitable for confocal
imaging and will polarise in 2D and 3D cell culture. In
fact, when the term “MDCK” is searched for on
PubMed over 5000 hits are generated [2] and reviews
on epithelial cell trafficking, polarity and junctions in
vertebrates rely heavily on experiments using MDCK
cells [3-12]. In our experience we have certainly found
MDCK cells to be a very tractable system [13]. Perhaps
the only disadvantage to this cell line is its canine origin.
This is important as commercially available antibodies
are often raised against human or mouse sequences and
may not cross-react well with canine proteins. Many
siRNA reagents are also designed to human or mouse
sequences.
A researcher new to epithelial cell polarity might wish
to use such a useful cell line and would likely assume
that obtaining it would be straightforward. However, the
American Type Culture Collection (ATCC; [14]) catalo-
gue has five different cell lines with “MDCK” within
their titles (Table 1). Another popular supplier of cells,
the European Collection of Cell Cultures (ECACC; [15]),
has six different “MDCK” cell lines (Table 1). From
these eleven MDCK strains, at least nine appear to be
unique, including the parental MDCK line, MDCK I,
MDCK II and confusingly two different lines termed
MDCK.1 and MDCK.2.
A quick literature search may not shed much light on
which MDCK strain to use as, although many labora-
tories do provide accurate information, it is common to
see researchers reporting “MDCK cells” with no refer-
ence to their strain or supplier. Others make statements
which appear inaccurate, such as “MDCK II obtained
from ATCC”, when ATCC do not currently supply
MDCK II cells (correct as of September 2011). Analysis
of the methods sections of the top 50 hits for “MDCK”
in PubMed would suggest between 30-50% of the pub-
lished work fails to provide either the strain or supplier
information, or provides apparently inaccurate informa-
tion. Therefore, there is a clear problem in reporting
strain identity and source within the literature which
needs to be addressed.
The purpose of this article is to highlight the exis-
tence of multiple MDCK strains, to help new research-
ers find the correct strain and encourage improved
reporting of MDCK cell line sources and strains. To
achieve these aims the properties of the different
MDCK strains and where they can be obtained from
will be briefly reviewed. This information is sum-
marised in Table 1. It should also be noted that clonal
heterogeneity is not limited to MDCK cells. For exam-
ple, there are at least six “HeLa” strains available from
ATCC [14] and there has been clonal variability
implied in many other cell lines, such as CHO (Konrad
et al, 1977) and MCF-7 cells (Seibert et al 1983).
Although this review focuses on MDCK cells, it should
serve to raise awareness of possible variability in other
mammalian cell lines.* Correspondence: bssprw@bath.ac.uk; ac270@bath.ac.uk
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The parental MDCK (NBL-2) line
In 1958 Madin and Darby established two cell lines
from bovine (MDBK) and ovine (MDOK) kidney [16].
They also derived the MDCK cell line from a seemingly
normal adult female cocker spaniel but it appears they
did not publish isolation of this line. However, MDCK
cells were used to study viral infection [17], and subse-
quently characterised for the first time by Gaush et al in
1966 [1]. Then in the late 1970s/early 1980s the cell line
started to become widely used for studying epithelial
development and function [18].
The parental MDCK cell line, from which other
strains of MDCK cells have been derived, is referred to
as “NBL-2” and it was observed quite early on that low
passage MDCK cells were not clonal. In fact they exhib-
ited obvious heterogeneity in features including cell size
and presence of an apical cilium [19]. This heterogeneity
is important as experimental manipulation could select a
particular population of cells [20], potentially complicat-
ing analysis of results. For example, a line with a distinc-
tive ‘semi-scattered’ morphology and enhanced
migration and invasion arose spontaneously from cul-
tures of the parental MDCK cells [21]. This variant line
was termed MDCK-1 but is not the same as MDCK I or
MDCK.1, which are discussed below.
MDCK I and MDCK II
Two other sub-types of MDCK cells were isolated from
the parental strain [19,22,23] and designated type I and
type II MDCK cells. MDCK I cells were isolated from
low passage parental MDCK cells and display very high
transepithelial resistance (TER) values (> 4000 Ω•cm2),
indicating very “tight” junctions. MDCK II cells were
obtained from higher passage MDCK cells and display
much lower TER values (< 300 Ω•cm2) demonstrating
“leaky” junctions [22]. This difference in TER is caused
by differences in the composition of their tight junctions.
Both strains express the tight junction proteins claudin-1,
claudin-4, occludin and ZO-1 [24]. However, type II cells
also express the pore-forming tight junction protein clau-
din-2 which may lower the TER of MDCK II cells [24].
The two strains show other differences in their epithe-
lial junctions. Both strains form adherens junctions and
desmosomes although MDCK I cells show much stron-
ger staining for E-cadherin than MDCK II cells [25]. In
contrast MDCK II cells show stronger basal desmosome
staining [25]. Finally there is variability in gap junction
formation [26]; type I cells have gap junctions, while
type II cells do not form them unless forced to by
expression of the gap junction proteins such as con-
nexin 43 [27].
In addition to differences in junctions these strains are
different in size, with MDCK II cells being larger and
taller compared to the smaller flatter type I cells [23].
They also show distinct differences in their resident api-
cal membrane proteins, Na-K-ATPase activity, expres-
sion of alkaline phosphatase and glycosphingolipid
composition [22,23,28,29]. Interestingly, it should also
be noted that ECACC states that MDCK I cells may dis-
play an unstable epithelial phenotype and that incom-
plete harvesting at confluence may select for a smooth
muscle cell phenotype [15].
The parental, MDCK I and MDCK II strains have all
been used to study epithelial cell polarity and junctions.
MDCK II are the most commonly used strain and we
would recommend them to researchers new to using
MDCK cells, unless they have a specific reason to use
one of the other strains. However, MDCK “type II like”
Table 1 MDCK cell strains sold by three commonly used tissue culture vendors *
Supplier* Strain Description Cat No
ATCC [14] MDCK (NBL-2) Parental cell line, heterogeneous population of cells. CCL-34
Supertube Isolated from parental line, readily forms tubules in appropriate conditions. CRL-2285
Superdome Isolated from parental line, readily forms large domes in appropriate conditions. CRL-2286
MDCK.1 Isolated from the parental cell line. Used in viral production/studies. Not MDCK type I. CRL-2935
MDCK.2 Isolated from the parental cell line. Used in viral production/studies. Not MDCK type II. CRL-2936
ECACC [15] MDCK (NBL-2) Parental cell line, same as ATCC cat No. CCL-34. 85011435
MDCK Parental cell line, heterogeneous population of cells. 84121903
MDCK I Strain Isolated from a low passage parental cell line. 00062106
MDCK II Strain isolated from a high passage parental cell line. 00062107
MDCK-Protein free Strain modified to grow in protein-free medium. Results in growth of suspended clumps of cells. 02050101
MDCK-SIAT1 Parental cell line cloned to give enhanced expression of 6-linked sialic acids. For virus research. 05071502
JCRB [33] MDCK (NBL-2) Parental cell line, same as ATCC cat No. CCL-34, unknown passage number. IFO50071
MDCK (NBL-2) Parental cell line, same as ATCC cat No. CCL-34, passage number 55-58. JCRB9029
MDCK.P3 MDCK derivative, no serum required. JCRB0717
*correct as of September 2011. This article focuses on the ATCC, ECACC and JCRB but other suppliers of cell lines are available, including the Deutsche
Sammlung von Mikroorganismen und Zellkulturen (DSMZ) which does not currently supply MDCK strains
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cells have been isolated more than once and it is dan-
gerous to assume these lines are the same. For example,
two independently isolated clones (G and J) of MDCK
type II cells, with similar ultrastructural organisation
and TER, showed different modes of delivery of the Na/
K-ATPase to the apical or basolateral surfaces [30]. This
highlights the need for accurate reporting of strain ori-
gin in addition to strain type. The characteristics and
suppliers of the parental, MDCK I and MDCK II strains
are summarised in Table 2.
Superdome and supertube
Under specific conditions MDCK cells can form fluid
filled blister like structures called “domes” and occasion-
ally long tubules termed “tubes”. MDCK strains have
been selected which form extensive domes (superdomes)
or tubules (supertube) [31] and these lines can be
obtained from the ATCC to study formation of these
epithelial structures.
MDCK cells as a model for infection
The other major use for MDCK cells is to study viral
infection of cells and more recently in vaccine production
[32]. A number of strains have been isolated to help with
this research. These include “MDCK.1” and “MDCK.2”
which are used mainly for the production and testing of
viruses such as Influenza and should not be confused
with MDCK I or MDCK II. The MDCK-SIAT1 line has
also been isolated to aid infection studies.
In conclusion, the MDCK cell line provides an invalu-
able tool for understanding epithelial cell polarity, devel-
opment and organisation. However, great care must be
taken so that researchers are confident of the identity
and source of the cells used and also report this infor-
mation as accurately as possible.
Acknowledgements
Work using MDCK cells in our laboratories was supported by a Cancer
Research UK project grant (C26932/A9548). We thank Professor Karl Matter
(UCL) for helpful comments on a draft manuscript.
Authors’ contributions
JDD wrote the first draft. ADC and PW edited the draft. All authors read and
approved the final manuscript.
Received: 16 August 2011 Accepted: 7 October 2011
Published: 7 October 2011
References
1. Gaush CR, Hard WL, Smith TF: Characterization of an established line of
canine kidney cells (MDCK). Proc Soc Exp Biol Med 1966, 122(3):931-935.
2. Pubmed. [http://www.ncbi.nlm.nih.gov/pubmed?term=MDCK].
3. Datta A, Bryant DM, Mostov KE: Molecular regulation of lumen
morphogenesis. Curr Biol 2011, 21(3):R126-136.
4. McCaffrey LM, Macara IG: Epithelial organization, cell polarity, and
tumorigenesis. Trends Cell Biol 2011.
5. O’Brien LE, Zegers MM, Mostov KE: Opinion: Building epithelial
architecture: insights from three-dimensional culture models. Nat Rev
Mol Cell Biol 2002, 3(7):531-537.
6. Pieczynski J, Margolis B: Protein complexes that control renal epithelial
polarity. Am J Physiol Renal Physiol 2011, 300(3):F589-601.
7. Shin K, Fogg VC, Margolis B: Tight junctions and cell polarity. Annu Rev
Cell Dev Biol 2006, 22:207-235.
8. Steed E, Balda MS, Matter K: Dynamics and functions of tight junctions.
Trends Cell Biol 2010, 20(3):142-149.
9. Suzuki A, Ohno S: The PAR-aPKC system: lessons in polarity. J Cell Sci
2006, 119(Pt 6):979-987.
10. Tsukita S, Furuse M: Claudin-based barrier in simple and stratified cellular
sheets. Curr Opin Cell Biol 2002, 14(5):531-536.
11. Folsch H, Mattila PE, Weisz OA: Taking the scenic route: biosynthetic
traffic to the plasma membrane in polarized epithelial cells. Traffic 2009,
10(8):972-981.
12. Citi S, Spadaro D, Schneider Y, Stutz J, Pulimeno P: Regulation of small
GTPases at epithelial cell-cell junctions. Mol Membr Biol 2011.
13. Dukes JD, Fish L, Richardson JD, Blaikley E, Burns S, Caunt CJ, Chalmers AD,
Whitley P: Functional ESCRT machinery is required for constitutive
recycling of claudin-1 and maintenance of polarity in vertebrate
epithelial cells. Mol Biol Cell 2011, 22(17):3192-3205.
14. American Type Culture Collection. [http://www.atcc.org].
15. European Collection of Cell Cultures. [http://www.hpacultures.org.uk/
collections/ecacc.jsp].
16. Madin SH, Darby NB Jr: Established kidney cell lines of normal adult
bovine and ovine origin. Proc Soc Exp Biol Med 1958, 98(3):574-576.
17. Green IJ: Serial propagation of influenza B (Lee) virus in a transmissible
line of canine kidney cells. Science 1962, 138:42-43.
18. Simmons NL: Cultured monolayers of MDCK cells: a novel model system
for the study of epithelial development and function. Gen Pharmacol
1982, 13(4):287-291.
19. Valentich JD: Morphological similarities between the dog kidney cell line
MDCK and the mammalian cortical collecting tubule. Ann N Y Acad Sci
1981, 372:384-405.
20. Husted RF, Welsh MJ, Stokes JB: Variability of functional characteristics of
MDCK cells. Am J Physiol 1986, 250(2 Pt 1):C214-221.
Table 2 The three MDCK strains that are most commonly used to study epithelial cell polarity
Strain Details Supplier*
MDCK
(NBL-2)
Parental MDCK cell line from which type I and II are derived. A heterogeneous population of epithelial cells
that will form a polarised monolayer. The heterogeneity makes it possible that manipulation might select a
sub-population, potentially complicating analysis of experiments.
ATCC, ECACC, JCRB
MDCK I Derived from low passage parental cell line (NBL-2). Type I cells display high TER values (> 1000 Ω•cm2),
are negative for the tight junction claudin-2, and reported to display an adrenalin, vasopressin and
prostoglandin E sensitive adenyl cyclise, unlike type II cells. Have gap junctions. The ECACC report that they
may display an unstable epithelial phenotype.
ECACC (ATCC and JCRB do
not supply)
MDCK II Isolated from high passage parental cell line (NBL-2). Type II cells display low TER values (~100 Ω•cm2) and
are positive for claudin-2. They are larger and taller than MDCK I cells and lack gap junctions unless
modified. MDCK II cells are the most commonly used MDCK strain and we would recommended
them for most studies. Not to be confused with MDCK.2 strain sold by ATCC.
ECACC (ATCC and JCRB do
not supply)
*Correct as of September 2011. Other suppliers of cell lines are available however only ATCC, ECACC and JCRB have been considered here.
Dukes et al. BMC Cell Biology 2011, 12:43
http://www.biomedcentral.com/1471-2121/12/43
Page 3 of 4
21. Webb CP, Lane K, Dawson AP, Vande Woude GF, Warn RM: C-Met
signalling in an HGF/SF-insensitive variant MDCK cell line with
constitutive motile/invasive behaviour. J Cell Sci 1996, 109(Pt
9):2371-2381.
22. Barker G, Simmons NL: Identification of two strains of cultured canine
renal epithelial cells (MDCK cells) which display entirely different
physiological properties. Q J Exp Physiol 1981, 66(1):61-72.
23. Richardson JC, Scalera V, Simmons NL: Identification of two strains of
MDCK cells which resemble separate nephron tubule segments. Biochim
Biophys Acta 1981, 673(1):26-36.
24. Furuse M, Furuse K, Sasaki H, Tsukita S: Conversion of zonulae occludentes
from tight to leaky strand type by introducing claudin-2 into Madin-
Darby canine kidney I cells. J Cell Biol 2001, 153(2):263-272.
25. Collares-Buzato CB, Jepson MA, McEwan GT, Hirst BH, Simmons NL: Co-
culture of two MDCK strains with distinct junctional protein expression:
a model for intercellular junction rearrangement and cell sorting. Cell
Tissue Res 1998, 291(2):267-276.
26. Armitage WJ, Juss BK: Freezing monolayers of cells without gap
junctions. Cryobiology 2003, 46(2):194-196.
27. Jordan K, Solan JL, Dominguez M, Sia M, Hand A, Lampe PD, Laird DW:
Trafficking, assembly, and function of a connexin43-green fluorescent
protein chimera in live mammalian cells. Mol Biol Cell 1999,
10(6):2033-2050.
28. Hansson GC, Simons K, van Meer G: Two strains of the Madin-Darby
canine kidney (MDCK) cell line have distinct glycosphingolipid
compositions. EMBO J 1986, 5(3):483-489.
29. Zimmer G, Lottspeich F, Maisner A, Klenk HD, Herrler G: Molecular
characterization of gp40, a mucin-type glycoprotein from the apical
plasma membrane of Madin-Darby canine kidney cells (type I). Biochem
J 1997, 326(Pt 1):99-108.
30. Mays RW, Siemers KA, Fritz BA, Lowe AW, van Meer G, Nelson WJ:
Hierarchy of mechanisms involved in generating Na/K-ATPase polarity in
MDCK epithelial cells. J Cell Biol 1995, 130(5):1105-1115.
31. Klebe RJ, Grant A, Grant G, Ghosh P: Cyclic-AMP deficient MDCK cells
form tubules. J Cell Biochem 1995, 59(4):453-462.
32. Gregersen JP, Schmitt HJ, Trusheim H, Broker M: Safety of MDCK cell
culture-based influenza vaccines. Future Microbiol 2011, 6(2):143-152.
33. Japanese Collection of Research Bioresources. [http://cellbank.nibio.go.jp/].
doi:10.1186/1471-2121-12-43
Cite this article as: Dukes et al.: The MDCK variety pack: choosing the
right strain. BMC Cell Biology 2011 12:43.
Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color figure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
Dukes et al. BMC Cell Biology 2011, 12:43
http://www.biomedcentral.com/1471-2121/12/43
Page 4 of 4
